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Measurement of Relative Cerebral Blood Volume Changes with
Visual Stimulation by ‘Double-Dose’
Gadopentetate-Dimeglumine-Enhanced Dynamic Magnetic

Resonance Imaging
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Frank JA, Mattay VS, Duyn J, Sobering G, Barrios FA, Zi-
gun J, Sexton R, Kwok P, Woo J, Moonen C, Weinberger DR.
Measurement of relative cerebral blood velume changes with
visual stimulation by ‘double-dose’ gadopentetate-
dimeglumine-enhanced dynamic magnetic resonance imaging.
Invest Radiol 1994;29:S157-S160.
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ume; functional imaging; photic stimulation; calcarine cortex;
lateral geniculus.

OVER THE LAST few years, there has been growing in-
terest in using dynamic contrast-enhanced magnetic
resonance imaging (DMRI)!~® for the assessment of cere-
bral function in response to somatosensory and cognitive
stimulation. Using rapid-scanning MR techniques (ie, fast
gradient-recalled echo or echo-planar pulse sequences)
changes in relative regional cerebral blood volume (rCBV)
can be detected in the primary visual cortex in response to
visual stimulation.?>*® The determination of rCBV depends
on changes in signal intensity on the MR image that corre-
sponds to the first pass of a paramagnetic contrast agent
through the parenchyma. Dynamic contrast-enhanced mag-
netic resonance imaging also been used to differentiate ar-
eas of ischemia from infarction in the central nervous sys-
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tem.”® Other types of DMRI studies that depend on neural
activation associated changes in the concentration of an en-
dogenous paramagnetic compound, deoxyhemoglobin also
may provide unique insight into cerebral function.®> ¢ How-
ever, other factors such as vascular inflow, blood volume,
local hematocrit and oxygen use also may contribute to
observed changes in the MRI signal with stimulation using
this deoxyhemoglobin technique.

In this study, we attempted to determine the following: 1)
if DMRI with a bolus injection of gadopentetate dimeglu-
mine (Gd-DTPA) at 0.2 mmole/kg could be used to detect
changes in rCBV in the lateral geniculate and calcarine
cortex in response to photic stimulation; and to monitor for
any side effects from a total dose of 0.4 mmole/kg of Gd-
DTPA (four times the presently recommended clinical dose)
given as two bolus injections.

Material and Methods

This study was approved by the Intramural Review Board of the
National Institutc of Mental Health at the National Institutes of
Health. Fifty one healthy volunteers with no history of significant
neurologic or ophthalmologic disease were enrolled in the study.
Of those, 20 subjects studied with photic stimulation are reported
on here. Magnetic resonance imaging scans were performed at 1.5
T on a GE Signa (General Electric, Milwankee, WI) using the
standard quadrature head coil and shielded gradients. Dynamic
MRI studies were performed using a T2* sensitive echo-shifted
(ES) fast low-angle shot (FLASH) pulse sequence with an effec-
tive echo time (TE) = 25 msec, a repetition time (TR) = 16
msec, flip angle (FA) of 20° (2.0 sec/image), a field of wiew of 24
cm, and a 128 X 256 matrix 7. Sixty sequential DMRI images
were obtained before, during, and after an intravenous bolus in-
jection (3 to 5 seconds) of Gd-DTPA (Magnevist, Berlex Labo-
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ratories, Wayne, NJ) at 0.2 mmole/kg followed by a 60-mL saline
flush through an 18-gauge catheter placed in the antecubital vein.
Photic stimulation was started approximately 15 to 20 seconds
before the injection of GADTPA using a video projection system
(Resonance Technology, Inc. Woodland Hills, CA) in which
white light or an oscillating checkerboard pattern was projected
onto a screen at a frequency of 7.8 Hz and viewed through the
head coil mirror. Stimulated and unstimulated studies were per-
formed in random order within 15 minutes of each other. Three-
dimensional volume spoiled gradient-recalled acquisition in the
steady state (SPGR) (TE = 5 msec, TR = 24 msec, FA = 45°%)
images were obtained before DMRI for anatomical localization.
Vital signs were monitored, and a questionnaire was given to all
subjects to observe for side effects from the two double-dose in-
jections of Gd-DTPA.

Dynamic MR images were transfeired to a Unix workstation
and processed off-line using IDL (Research Systems, Inc, Boul-
der, CO). For each image, signal intensity (SI) versus time was
converted to concentration (C) versus time using the following
relationship:

C®) = —kIn(S(t)/Sy) (1)

in which S(t) is the SI at each time t, 8, is the baseline SI, and k
is a proportionality constant correcting for TE, ficld strength and
contrast agent used.>% 1% Concentration versus time curves were
then calculated for each pixel and were fitted using a gamma
variate function.2>% 1819 A pixel-by-pixel integration of the arca
under the fitted curves was used to create the relative CBV maps.
Regions of interest (ROIs) were drawn on the anatomical SPGR
images over the lateral geniculate nuclei (LG) and calcarine cortex
(CC) and then were applied to the functional images to obtain the
values of the rCBV in these regions. Statistical analysis was per-
formed using a Student’s r-test to compare the results from the
stimulated and unstimulated studies.

Results
In all volunteers, changes in the SI caused by suscepti-
bility effects associated with the first pass of Gd-DTPA
through the cerebral vasculature of the CC were observed
on the ES FLASH images. The ES FLASH pulse sequence
provides a greater sensitivity to changes in T2* as Gd-

Unstimulated
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DTPA passes through the cerebral capillary network as
compared to other gradient-recalled echo techniques.®'” In
five individuals, the DMRI study was positioned at a level
that allowed for the detection of changes in Sl in the LG and
CC (Fig. 1). An example of the calculated rCBV maps for
the unstimulated and visually stimulated conditions at the
level of CC and LG are displayed in Figures 1B and 1C.
When comparing the two conditions in this subject, there is
an increase in signal on the rCBVY map in the arca of the
calcarine cortex and lateral geniculate. A difference image
was not created for the rCBV maps of the stimulated and
unstimulated states because a single-pixel misregistration
due to head motion between the two studies often resulted in
artifacts. Instead, a plot of the concentration versus time
curves from the ROIs in the CC and LG is presented in
Figure 2. The percent differences between the area under
curves for the stimulated and unstimulated conditions re-
vealed a change in rCBV of 23.5 + 14.6% (range 4%—
50.4%) (P << .009) for the CC (n = 20) and 34.6 = 11.0%
(range 22.9-51.9) for the LG (n = 3).

Table 1 is a list of the side effects for all of the 51
volunteers enrolied who received a total dose of 0.4 mmole/
kg of Gd-DTPA administered as two bolus injections sep-
arated by 15 min (routine recommended dose of Gd-DTPA
is 0.1 mmole/kg). All the subjects tolerated the two bolus
injections of Gd-DTPA well, with minimal side effects.
Only one subject had a 14 mm/Hg postural change in sys-
tolic blood pressure. Similar results have been found for a
farger group of individuals with Gd-DTPA administered at
0.3 mmole/kg.*°

Discussion

The differences in the rCBV in the visual cortex between
stimulated and unstimulated studies are consistent with the
results reported by other researchers using other types of

Stimul

Figs. 1A-1C. Representative spoiled gradient-recalled acquisition in the steady state (SPGR) image from a three-dimensional
volume data acquisition set at the level of the calcarine cortex including area of lateral geniculate nuclei (A). Regions of interest for
the calcarine cortex and lateral geniculate nuclei are drawn on the magnetic resonance image to delineate area from which con-
centration versus time curves were obtained for Figure 2. (B, C) Fitted relative cerebral blood volume maps for the unstimulated and
photic stimulated conditions. The apparent difference between the two conditions is readily appreciated.
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Figs. 2A and 2B. Plot of the concentration versus time curves
for the regions of interest shown in Figure 1A for the calcarine
cortex (A) and for the lateral geniculate nuclei (B). By fitting the
area under the curve with a gamma variate function on a pixel-
by-pixel basis, relative cerebral blood volume maps can be ob-
tained as shown in Figures 1B and 1C.

fast MRI pulse sequences and hardware, and/or varying
Gd-DTPA dose.?>® To our knowledge, however, this is the
first report of changes in rCBV in the lateral geniculate in
response to visual stimulation in man. The LG is 6 to 10
mm and is the main the thalamic nucleus conveying infor-
mation from the retina to the primary visual cortex. Quan-
titative physiological studies of the LG have only been per-
formed in animals using electrophysiological recording or
autoradiographic techniques.?’ Based on the preliminary re-

TABLE 1. Somatic Side Effects with Two Bolus Injections of
Gadolinium-DTPA 0.2 mmole/kg (51 volunteers)

Headache 1/51
Nausea 3/51
Coolness in arm 23/51
Warmth in arm 13/561
Local discomfort at intravenous site 1/51
Taste or smell 15/51
Oropharyngeal sensation 13/51
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Frank, et al 5159

sults found using five subjects, it appears that the percent-
age change in rCBV with visual stimulation in the LG is
similar to that observed for the CC. Further study is re-
quired to see if the results can be reproduced in a larger
group of subjects using different stimuli to examine the
retinotopic mapping in the LG.

Positron emission tomography (PET) and single photon
emission computed tomography (SPECT) have some ad-
vantages over DMRI in the evaluation of cerebral func-
tion.** Dynamic MRI examinations are currently performed
in a single slice only, and therefore, small ‘‘activated”’
structures in the central nervous system could easily be
missed because they are located outside the volume of in-
terest. Although PET and SPECT are multislice technigues,
they have limited spatial and temporal resolution compared
with DMRI. Dynamic MRI studies cannot at this time be
quantitated in classical units of blood flow (ie, mL/100
grams of tissue/min), a measurement that is possible with
PET. Difficulties in obtaining the arterial input function
limits the ability to perform absolute quantitation with
DMRI and allow for the determination of the mean transit
times (MTT), the cerebral blood flow (CBF) and CBV in
response to stimulation paradigms. To obtain an arterial
input function, it would be necessary to monitor an artery
on an adjacent slice, thus requiring multislice capabilities.
Another limitation of DMRI technique is the optimum co-
ordination of the bolus injection of the contrast agent to the
task to maximize the changes in the rCBV. Steady state
based approaches such as PET, SPECT, and MRI studies
with arterial tagging® or using changes in deoxyhemoglo-
bin within brain capillaries and venules may be better suited
for studying changes in brain physiology with complex
tasks.” 191822 Multislice or three-dimensional volume
techniques that have recently been developed should pro-
vide the increased flexibility needed to improve on the lim-
itations of DMRI.?*%

The advantages of functional MRI over nuclear medicine
techniques include the following: 1) the lack of ionizing
radiation; 2) the need for a cyclotron as for PET; and 3) the
ability to repeat multiple studies as often as desired during
the calendar year. In our experience, the functional infor-
mation obtained from DMRI examinations also may be im-
proved by the following: 1) shimming over the volume of
interest thereby improving the main magnetic field (Bg)
homogeneity; 2) the use of specialized gradient coil sys-
tems;'? 3) using a mechanical injector to obtain reproduc-
ible bolus injections of the contrast agent; 4) the introduc-
tion of a paramagnetic or superparamagnetic contrast agent
that causes a greater change in T2* per unit volumne;**?® and
5) the development of more robust algorithms for data anal-
ysis and quantitation.®?”-*® Positron emission tomography,
SPECT and functional MRI should be considered compli-
mentary in providing a better understanding of normal ce-
rebral function and pathophysiology of central nervous sys-
tem disorders.
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Conclusions

This study using dynamic ES FLASH imaging in con-
junction with a bolus injection of Gd-DTPA at 0.2 mmole/
kg demonstrated in normal volunteers significant differ-
ences in the relative cerebral blood volume in the calcarine
cortex and lateral geniculus between photic stimulated and
unstimulated studies. In addition, subjects tolerated two bo-
lus injections of double-dose Gd-DTPA with minimal side
effects suggesting that future multitask studies requiring a
larger cumulative dose of Gd-DTPA should be well toler-
ated.
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